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Polyin os inic-polycytidylic ac id' (PIC) , a synthetic polyribonucleotide, inhibi ts the growth 
of B16 ma lignant melanoma in C57BL/6 mice. Since PIC has been reported to augment im-
mun e responses, we tested the hypothes is that the anti tumor effect of PIC aga inst B16 
mel anoma is via immun e stimulation. Mice were neonatally thy mectomized or neonatally 
thymectomized and subsequent ly irradiated to suppress their immune reactivity. In such 
an imals PIC reta ined its ab ility to inhibi t the growth of B16 melanoma, in the face of pro-
found leukopenia and lymphopenia, suggesting that its anti melanoma effect is probably not 
mediated by augmenta tion of the host's immune antitumor res ponse. 
Polyin os inic- polycyt idylic ac id (PIC), a syn-
thetic dou ble-stranded polyr ibonucl eotide, mark-
edly inh ibi ts the growth of B16 malignant melano-
mas borne by C57 black mice [1] . PIC has been 
reported to st imulate the immune system [2], and 
it has been suggested that t he antitumor effect of 
PIC is through its augmentation of t he host's 
antit umor immun e response [1 ,3 ). The purpose of 
the experiments reported here was to investigate 
t he role of the murine immune system in the 
inhib it ion of B16 mel anoma by PIC . 
In mice, thy mecto my a lone or combined with 
irradia tion has been shown to suppress immuno-
logic reacti vity [4- 6). Reduced immunocompe-
tence was manifested by prolongation of surviva l of 
skin homografts, by impairment of humora l and 
cell -mediated immune responses, by involution of 
lym phoi d t issues, and by development of periph-
eral lymphopeni a. 
In the experiments described below we st udied 
t he effect of PIC on the growth of B16 malignant 
melanomas borne by neonatally t hy mectomized or 
neonatally thymectomized and subsequently irra-
diated C57 black mice. We also studied periphera l 
leukocyte counts and interferon production in 
PIC-treated normal and thymectomized, irradi -
ated mice. 
MATERIALS AND MET HODS 
Table r s umma ri zes t he experim enta l procedures . 
Experiment #1 . Pregnant C57BL/6 mice were pur -
chased from Jackson La boratori es (Bar Ha rbor, Maine). 
Eighteen of t heir offsprin g wh ich surv ived neonata l 
t hymectomy served as t he "thy mecto mized" groups . The 
t hymectomies were done within 24 hr a fte r birth by the 
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met hod of Gross, which in volves s pli tt ing t he sternum 
a nd gent le removal of t he t hymus wit h s uct ion [7]. At 6 
wee ks of age (day 0), 50 III of a tumor sus pens ion of B16 
ma ligna nt mela noma was impl a nted in to t he ri ght ax ill a 
of each mouse by t he following method: Excised t umors 
were pressed through a metal mesh to remove fibrous 
t iss ue a nd to separate t he tumor cells . The stra ined 
melanomas were mixed with a small a mount of Minimal 
Essentia l Med ium (MEM) (l ess t ha n 20% of t he fin a l 
volume). A 13-gauge t rochar was used to impl ant t his 
materia l s ubcuta neo usly in to t he ax ill ae of the mice. One 
hundred fifty microgra ms of poly inos inic- polycy tidylic 
ac id (PIC, PL Biochemicals, Milwaukee, Wisc .) in 0.15 
ml of phosphate- buffered sa lin e (PBS) was injected 
intraperitonea lly into 12 neonata lly thy mectomized mice 
(G roup [) on days 3 to 7 a nd 10 to 13. The rema ining 6 
implanted , t hymectom ized mice were injected with 0.15 
ml of PBS (Group II). Twenty-six 6-week-old non-
thy mecto mized mice were si milarly impla nted with 50 III 
of tumor s uspension (day 0) in to th eir right ax ill ae . Ten 
were given intraperitonea l injections of PIC as above 
(Group Ill). The rema ini ng 16 were given PBS (G roup 
IV ). On day 14 a ll mice were sacrificed. T he tumors were 
removed and t he volum e of each was dete rmined by 
liquid dis pl acement. Th e ab ence of the t hymus in 
Groups I and II , and its presence in Groups III and IV, 
was verified at a utopsy . 
Experimen.t #2 . Pregnant C57BL/6 mice were pur-
chased from Cumberl and View Fa rms (Clin ton , Tenn. ). 
The " t hymectomi zed , irradiated " groups cons isted of 12 
of their offs prin g which survived neonata l t hy mectomy 
'and irradiat ion. Six weeks after thy mecto my these mice 
were irrad ia ted wi t h 325 roentgens a ir dose (R) to t heir 
el)tire do rsal surfaces and 325 R to t hei r entire ventra l 
surfaces (280 kilovolts (kv) with half-value layer 1.8 mm 
copper (Cu)). The ri ght t h igh of eac h mouse was s hielded 
with lead dur ing radiat ion exposure. Ten days after 
irradi a tion . 850,000 viable cul t ured B16 mela noma cells, 
which had been grown in RPM! 1640 mediu m with 
heat- in activated calf serum and ant ibiot ics (GIBCO, 
Grand Island , N.V.) , were impl a nted in to the ri gh t a xilla 
of each of these mice (day 0). On days 3 to 7 and 10 to 14, 
7 of these mice were given 150 Ilg of PIC intra peritoneally 
(G roup fl. The rem a inin g 5 mice were given PBS on the 
sa me days (G rou p II) . Twenty nonthy mectomized , nonir-
radiated mice were s imil a rly im pla nted wi th cultured 
melanoma cells (day 0). On days 3 to "I and 10 t.o 14 , 10 of 
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t hese were each injected intra peri toneally with 150 Ilg of 
PIC in 0.15 ml PBS (G roup III) and 10 received PBS 
alone (Group IV) . On day 17 all mice were killed an d 
their tu mor volumes determined by liquid displ acement. 
T he absence of the t hymus in Groups I and II, and its 
presence in Groups ITI and IV, was verified . . 
Experim ent #3 . Pregnant C57BL/6 mice were pur-
chased from Jackson Laboratories. The " thymectom ized , 
irradiated" groups consisted of 37 offspring which sur-
vived neonata l thymectomy and irradiation and had no 
thymus t issue at autopsy . Six weeks after thymectomy 
they were irrad iated with 500 R (half-value layer 3.1 mm 
Cu; dorsa l surface only). Eighteen days late r a ll these 
mice were implanted with 50 III of a tumor suspension 
of B16 mali gnant melanoma (as cited in Experiment #1) 
into t heir right axi llae (day 0). On days 1 and 9, each of 19 
of these mice was t reated with intraperitoneal injections 
of 150 Ilg of PIC (Group 1) . The remaining 18 neonatally 
t hymectom ized, irradiated mice were treated with PBS 
on days 2 to 9 (Group ill. Forty-five nonthymectomized, 
nonirradia ted mice were similarly implanted with 50 III 
TABLE 1. Summary of experimental procedures 
Experi · Group THYM X·RAY P IC MM ment/l 
1 I X X X 
II X X 
III X X 
IV X 
2 I X X X X 
II X X X 
m X X 
IV X 
3 I X X X X 
II X X X 
III X X 
IV X 
4 I X X X 
II X 
III 
T HYM = Neonatal thymectomy 
X-RA Y = Whole-body x- irradiation 
WBC 
X 
X 
X 
PIC = Polyinosinic- polycyt idyli c ac id 
IF 
X 
X 
X 
MM = B 16 malignant melanoma implants 
WBC = Blood leukocyte counts 
IF = Serum interferon t iters 
Autopsy 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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of t umor suspension (day 0) into their right ax illae . On 
days 2 to 9, 23 mice received daily in traper itonea l injec-
tions of 150 Il g of PIC (Group Ill), and 22 mice were in-
jected daily with PBS (Group IV). 
All mice were sacrificed on day 11. The tumor volumes 
were determined by liqu id displacement. Appropriate 
presence or absence of t hymus was verified. 
Experim ent #4. Pregnant C57BL!6 mice were pur-
chased from Roswell Park Memoria l Institute (B uffalo, 
N. Y.). The "thym ectomized, irradiated" group co nsisted 
of 6 offsprin g whi ch survived neonata l t hymectomy and 
irradia tion and had no thymus tissue at autopsy. They 
were irradiated at 6 weeks of age (500 R, half-value layer 
3.1 mm Cu; dorsal surface only) . Beginning 10 days after 
radiat ion, all 6 thymectomized, irrad iated mice and 6 of 
8 nonthymectomized, non irradiated mice were each 
treated on days 0 to 4 and 7 to 9 with PIC. The PIC was 
given intrape ritoneally, 150 Il g per injection . On days 0, 
1, a nd 9, 2 mice from each PIC-treated group we re bled 
6 hr after injection, autopsied, and removed from the ex-
periment. Leukocyte cou nts, d ifferentia l cou nts, and in-
terferon titers were done on the blood. The 2 nonthy-
mectomized, nonirradiated mi ce which had received no 
inject ions were bled on day 9 for control blood counts and 
inte rferon tite rs. T he two serum spec imens from each 
group were pooled and interferon t iters were determined 
by a mod ified semi micro method [8 ] using mouse L-cells 
and ves icular stomatit is virus. The t iter 'were corrected 
to a reference sta ndard supplied by the Nationa l Insti-
tutes of Health, Bethesda. 
RESULTS 
At autopsy a ll transplanted mice were fo und to 
have t umo rs. The s m a ll s ize of so m e of t hose in 
the PIC-t reated mice made it impossibl e to pa l-
pate them in t h e liv ing a nima ls. 
Experiment #1. As s h own in Tabl e II , t h e d egree 
of immuno incompetence produced by n eonatal 
t hy mectom y did not affect the abili ty of PIC to 
s uppress the growth of B16 m ela nom a in C57BL/6 
mice. The differen ce in the average tumor volume. 
of the neon atally t hy mectomized, PIC-treated 
group (I) as compared to t h e neonata lly t hy m ecto-
mized , PBC-treated group (II) (0.50 vs 1.17 m!) 
was highly signifi can t statistica lly (p < 0.001). In 
accord with our previous experim en ts, t he differ-
ence in average tu m or volum es between PIC-
treated a nd PBS-treated non t hymecto mized mice 
(Gro ups III and IV) (0.58 vs 1.50 ml) was a lso 
highly s ignificant statist ically (p < 0.001). There 
was no s igni fica n t difference in the tu m or volumes 
TABLE II. Experiment #1 . E ffect of neonatal thymectomy on the response of 816 m elanoma to PIC 
Group Procedures Average tumor Standard No. of Average weight volumes (ml) deviation mice of mice (gm) 
I Neonatally thymectomized, PIC-treated 0.51 0.16 12 18.3 
II Neonatally t hymectom ized, PBS-treated 1.17 0.31 6 19.4 
III N onthymectomized, PIC-treated 0.68 0.31 10 16.9 
IV Nonthymecto mized, PBS-treated 1.50 0.60 16 18.8 
Probability using Student's t-test t hat t he difference in average tumor volumes was due to chance : I vs II , < 0.001 ; I 
vs lll , > 0 .1; I vs IV , < 0.001; IT vs m, < 0.01; II vs lV , > 0.1; III vs IV , < 0.001. 
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b e tween t he two different groups (I and III) receiv-
ing PIC (0.51 vs 0.68 ml) (p > 0.1) . Neonata l 
thymectomy did not result in stat istica lly signifi -
c a nt changes in tumor volumes (Group II vs Group 
IV) (1.17 vs 1.50 m!) (p > 0.1) . 
E xperiment #2. The resul ts of this experiment 
a re shown in T a ble III. The degree of immunoin -
competence produced by neonata l t hy mectomy 
pI us 650 R again did not affect the ability of PIC to 
s uppress the growt h of B16 melanoma . The d iffer-
ence in average t umor vo lumes between Group I, 
which was neonata lly t hym ectomized and irradi -
a t ed and s ubsequent ly t reated wi th PIC, and 
Group II, which was neonata lly t hymectomized 
a nd irradia ted but s ubsequentl y treated with PBS 
(0 .31 vs 0.82 ml) was highly s ignifi cant s tat istica lly 
( p < 0.005). T he di fference in t umor vo lumes 
between the PIC-treated groups (Group I and 
Group III) (0.3 1 vs 0.21 ml) was not statis tically 
s ignifican t (p > 0.3). Neonata l t hy mectomy plus 
irradi ation did not significant ly a ffect t umor vol-
ume (Group II vs Group IV) (0.82 vs 0.80 ml) (p > 
0.9) . 
E xperiment #3. As shown in T a bl e IV, the degree 
of immwlOin competence produced by neonatal 
thymectomy plus irradia tion wi th 500 R did not af-
fect the abi lity of PIC to suppress BI6 malignant 
melanoma in C57BL/6 mice. The difference in the 
tumor volumes between the neonata lly thymecto-
mized, irradia ted , PIC-t reated mice (Group I) and 
the neonatally thymectomized, irradiated, PBS-
t reated groups (Group II) (0.25 vs 0.62 ml ) was 
sta tistica lly signifi cant (p < 0.001 ). There was no 
s ignifi cant difference in the t umor volumes of the 
PIC-t reated groups (Group I and Group III) (0.25 
vs 0.21 ml ) (p > 0.1). Neonata l t hymectomy a nd 
irradi ation did not resul t in statist ically signifi cant 
changes in tumor volumes as compared to non-
thymectomized, nonirradiated mice (Group II and 
Group IV) (0 .62 vs 0.64 ml ) (p > 0 .7). 
No cac hectic mice were included in t hese experi-
ments (T a bs. II, III, IV). T he low average weight of 
Group I in E xperiment #2 was accounted fo r by a 
predominance of female (lighter) mice in this 
part icul a r O"roup . 
Experiment #4. T able V shows the effects of PIC 
given to thy mecto mized, irradiated mice and non-
thymectomized , nonirradi ated mice on leukocyte 
coun ts and in terferon production . It also gives 
leukocyte coun ts and serum in terferon t iters for 
TABL E III. Experim ent 2. Effect of neona ta l thy m ecto my plus irradiation all. the response of BJ6 m elanoma to PIC 
G roup Procedures Average tu mor Standard No. of Average weight vo lum es (ml) deviation mice of mice (gm ) 
I Neonata lly t hymectomized a nd 0.31 0.19 7 14.8" 
irra di a t ed , PI C-treated 
II Neonatally thymectomized and 0 .82 0 .20 5 19.8 
irra di ated , PBS-treated 
III Nont hy mectomized , non irrad ia ted , 0 .21 0.19 10 20 .0 
P BS-trea ted 
IV Nonthy mectomi zed , non irradiated , 0.80 0.55 10 20.1 
PBS-treated 
o See text. 
Probability using Student's t -test t hat the diffe rence in average t umor volume was due to chance: I vs II , < 0.005; I 
vs ill, > 0.3 ; I vs IV, < 0.025; II vs III , < 0.001; [] vs IV , > 0.9; III vs IV, < 0.01. 
T A BLE IV . Experiment #3. Effect of neonatal thy m ecto my plus irra.dia tl:on all. the response of 8 16 m elanoma to PIC 
Group Procedures Average tumor Standard No.of Average weight vol4mes (ml) dev iat ion mice of mice (gm ) 
I Neonata lly t hymectomi zed a nd 0,25 0.10 19 17.0 
irradiated, PIC-treated 
II Neonatally thymectomi zed and 0 .62 0.14 18 18.4 
irra di a ted , PBS-treated 
III Nonthymecto mized , non irradi ated , 0.21 0.1 2 23 18.1 
Pl C-treated 
IV Nonthy mectomized , non irradiated , 0 .64 0.20 22 19.7 
PBS-treated 
P r obability us in g Student 's t -test tha t t he difference in average t umor volumes was due to chance: r vs II. < 0.001; I 
vs m, > 0.1; 1 vs IV , < 0.001 ; II vs III , < 0.001 ; II vs IV, > 0.7; 1II vs IV , < 0.001. 
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T ABLE V. Experim ent #4. Peripheral blood leukocy tes and serum interferon six hours after PI C, co m paring 
thy m ectomized-irradiated mice us controls 
Day 0 Day I Day 9 
Group Procedure Av. Av.% W Av. Av. % IF Av . Av. % I\<" 
WBC M .L. t iter WBC M .L. t ite r WBC M .L . t iter 
I Thymectomized, irradiated , 400 60 243 675 66 162 400 67 < 100 
P IC-t reated 
II Non t hy mectom ized , non- 4200 47 1458 2550 44 243 1600 43 162 
irrad iated, PIC-treated 
III Nont hymectomi zed , non- - - - - - - 8800 88 < 100 
irradi ated , no inject ions 
Av. WBC = average leukocyte count (per m m') 
Av. % M .L. = average percentage of mononucl ear leukocytes, includi ng lymphocytes and monocytes 
IF t iter = in terferon t ite r (un its) 
nonthymectomized, non inject ed C57BL/6 mice. As 
can be seen , PIC lowered leukocyte counts in 
nont hymectomized , non irradiated mice as com-
pared to nonthymectomized, non irradiated mice 
which had not been injected with PIC. A much 
greater depress ion of leukocyte counts was appar-
ent for PIC-treated thymecto mized , irradiated 
mice . Serum in terferon production following PIC 
was depressed in t hymecto mi zed , irradiated mice 
as compared to nonthymectomi zed, nonirradi a ted 
mice . Significant titers were, nevertheless, induced 
by PIC in t he form er. 
DISCUSS ION 
Th at the immune system is involved in the 
a bili ty of C57BL/6 mice to part ially control t he 
growth of malignant melanoma is strongly s ug-
gested by t he fact t hat t hese mice can be immu-
nized aga inst B16 malignan t mela noma as well as 
by the finding of humora l antibodies direc ted 
against t his t umor start in g 1 week after its impl an-
tation (9 - 13]. Furthermore, we have shown that 
a nt ily mphocyte serum adversely affects t he abili ty 
of C57BL/6 mice to cope wit h B16 melanoma (14 ]. 
That poly inos inic- polycyt idyli c ac id (PIC) 
mi ght exert its anti t umor effect by st imulat ing the 
host's immune response was s uggested by t he 
report t hat it augments both cellula r and humora l 
im munity in mice [2]. In addi t ion , it was reported 
t hat PIC d id not inhibit mammary adenocar-
cinomas in rats rendered immunodefi cient wi th 
t hymectomy and ant ilymphocyte serum , whereas 
this polynucleot ide did inhibi t the growth of these 
t umors in intact animals [15 ]. 
There are considerable d ata to indicate that 
neonatal thymectomy a lone or t hy mectomy plus 
subsequen t irradiation produces immunosuppres-
sion in mice [4- 6 ]. However, procedures s uch as 
neonatal t hymectomy, irradi ation, and injections 
of ant ilymphocyte serum-maneuvers des igned to 
make animals immunoincompeten t-resul ts in 
only part ially immunodeficient animals which re-
spond less vigorously to chall enge than do controls. 
Consistent with t his is the fact that we have been 
able to part ially immuni ze neonata lly t hymecto-
mized and s ubsequently irradiated C57BL/6 mice 
aga inst B16 malignant melanoma by injecting 
them with t hat t umor (RS Bart, S La m , and AW 
Kopf, unpu blished data) . 
Our studies showing that P IC reta ins its abili ty 
to inhib it t he growt h of B16 melanoma in thymec-
tom ized , irradiated mice do not Support the hy-
pothes is t hat PIC suppresses the growth of t his 
t umor thro ugh an immun e mechan is m. Bes ides 
t he resul ts of the experiments presented in this 
pa per, and those of our studies in mice t hymecto-
mized at 4 weeks of age and irradiated lI6 ], are the 
resul ts of our ex periments reported elsewhere 
which show that P IC given during active immuni-
zat ion lessened rather t han augmented , the an-
timela noma response [9 ]. The resul ts of Kreider 
and Benjamin [1 2 ] and Fisher et a l [17] are 
consistent wi th ours, and Webb et a l [18 ] demon-
strated marked inhibition of t umors in irradiated · 
mice t reated wi th P IC or polyadenylic- polyuridy-
lic ac id . 
The fact t ha t , in so me murine studies, PIC has 
been shown to be tox ic to lymphoid t issues [17,19] 
and to delay allograft rejection [17] is compatible 
wit h the hypothes is th at PIC does not inhibit B16 
melanoma by st imul at ing t he immune system of 
the C57BL/6 mouse. Also, our findings (T ab. V), 
and those of Fisher et al [17], show that doses of 
PIC which inhibit t he growth of t he B16 melanoma 
in vivo actua lly resul t in leukopenia in C57BL/6 
mice. Furthermore, if s uch doses are given prior to 
trans planting the B16 melanoma in to the mice, the 
tumor grows more rapidly (RS Bart , unpubl ished 
data). These resul ts are consistent wi t h those of 
Gazdar [20 ]. 
The mechanism by wh ich PIC inhibits B16 
melanoma remains obsc ure. Our studies, us ing B16 
melanoma cell s in cul ture, show a consistent direct 
inhibitory effect from PIC only at 200 J.lg per ml or 
greater (RS Bart , J Wininger, SI Hamburg, and 
A W Kopf, unpublished data ) . These concentra-
tions a re probably much higher than those 
achieved in vivo with our treatment schedul e, since 
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preliminary in vivo studies with t ri t iated PIC fa il 
to s how concent rat ion of t he label in tumors borne 
by C57BL/6 mice (R Chandra and RS Bart, 
unpublish ed data). PIC induces high t iters of 
interferon in C57BL/6 mice, and in one stud y we 
have s hown a possible relat ionship between levels 
of endogenous serum in terferon and anti melanoma 
effects [21). It has been reported that C57BL/6 
mice t reated with immunosuppress ive agents, s uch 
as glucorti co ids, cy totoxic drugs, and antily m-
phocyte serum , produce normal amo un ts of in te r-
fer on in response to PIC .* Our res ul ts in irradiated 
C57BL/6 mice are s imilar [21). Neonata lly thy-
mectomized mice also produce normal amoun ts of 
in terfero n [22 ). Neonata lly thymec tomized and 
s ubsequently irradiated C57BL/6 mice produce 
lessened, a lt hough st ill s ignifica nt, amo un ts of 
interferon in res ponse to PIC (Ta b. V) . T hus 
interferon rema ins a poss ible intermediary in the 
inhibit ion of t he growth of B16 melanoma by PIC. 
W e t ha nk Ja n Vilcck, M.D ., for prov iding t he in ter-
feron t iter ; Joan B. Seibert. M.S. , a nd Colin G. Orton , 
Ph_D. , a nd other memb ers of the Depa rtment of Rad ia-
tion T hera py, fo r their help; a nd Miss E lena P. Ste-
s henko for tec hni ca l ass istance. 
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